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Abstract 
An analysis of the literature concerning the methods of surface treatment of aluminum alloys has been performed. 
Based on the literature and on earlier initial investigation (hardness measurements, microscopic inspection, 
roughness measurements, tribological tests and scanning microscope inspection of AlSi6Cu4 and 6082 (PA4) alloy 
samples exposed to laser, it has been determined that the hardness of the AlSi6Cu4 alloy has increased from the 
level of 60-80 HV 0.1 to the level of 120 HV 0.5 due to laser treatment, while heat treatment dispersion hardening 
has resulted in further increase of the hardness of the laser treated zones up to the level of 160 HV. The even 
structure obtained allows us to propose such technology for increasing hardness and wear resistance of those alloys. 
In the 6082 alloy, containing less alloy elements, the hardness increase is smaller reaching the level of 120 HV0.5. 
This is related to obtaining zones with dispersion secretions. The suggested laser treatment parameters, 400W and 
530 W with the traverse velocity of 2.8 to 5.33 mm/s do not cause significant increase of roughness, due to which 
such surface does not require further machining. The results of initial tribological investigation are very promising 
and they allow us to expect that the technology of structure comminution by laser treatment will allow for improving 
the life time of products with laser treated surface. 
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1. Introduction 
Aluminum alloys were first used on a large scale in the construction of airplanes. The significant increase in usage 
of aluminum and magnesium alloys in manufacturing can be explained by their relatively low cost to specific 
strength (tensile strength Rm to specific gravity ρ [g/cm3]), which is furthered by mastery of production technology 
of aluminum alloys or composites with aluminum matrices. Usage of new materials is linked to the possibility of 
alloy modification in its entire volume or in near-surface areas. Changing properties of the surface layer of metal 
elements mainly serves the purpose of increasing wear resistance and increasing resistance to high temperatures. 
 
* Corresponding author. Tel.: +48-657-0555 ext.131; fax: +48-657-07-21. 
E-mail address: borowski@inop.poznan.pl. 
c⃝ 2010 Published by Elsevier B.V.
Physics Procedia 5 (2010) 449–456
www.elsevier.com/locate/procedia
1875-3892 c⃝ 2010 Published by Elsevier B.V.
doi:10.1016/j.phpro.2010.08.167
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
This is a branch of science that has been dynamically expanding over the last few years. The data in scientific work 
[1] shows that, within the structure of aluminum alloy products, extrusion forged products are playing a larger role 
at the cost of castings.  International research is aiming towards developing new technological processes of heat-
plastic working of non-iron metal alloys, precise pressure casting of new aluminum and magnesium alloys subjected 
to heat treatment after casting (dispersion hardening), or surface working based on coating the product with harder 
and corrosion resistant phases (i.e. Al2O3). The significant role of the above processes in selecting materials and 
working technology was addressed by the authors of scientific work [2]. On the basis of production cost analysis of 
a simple car body part made from an aluminum alloy, they showed that the material cost made up 62% of the entire 
product cost and a further 28% of cost was consumed by laboratory tests. The costs of tools and maintenance do not 
exceed 1%. This shows that for simple parts, reduction of production costs can be carried out by utilizing cheaper 
materials in the construction; however it is difficult to substantiate the purposeful implementation of technology 
making use of expensive materials, even those with significantly higher parameters, and workings significantly 
increasing production costs.  In aluminum casting alloys, modifications are applied in order to break-up silicon 
spines, the size of which is decisive for tensile strength and crack resistance. In order to improve properties after 
casting and initial machining, aluminum alloys are subjected to dispersion hardening. The durability of aluminum 
elements can be increased by coating them with thin layers of: TiN, Ni, and SiC, which can protect against, for 
example, friction micro-welding in a friction connection.  In order to increase the hardness of the surface of an 
aluminum alloy casting, processes such as anoding are carried out in order to create a tightly adherent Al2O3 layer 
on the product’s surface. More complex methods of modifying the surface layer, and that are still being subjected to 
laboratory testing, are for example, laser heat treatment [3], thermochemical treatment, or PVD methods. The 
development and popularity of laser working has caused this heat source to become relatively commonly used 
technology. In metal treatment, lasers used have power ranging from 0.5-10 kW, and achieve a required power 
density of 104-105W/cm2 because using a power below 104W/cm2 does not cause penetration of the treated 
material, only heats it up. Within the power range of 104-106W/cm2 penetration occurs without loss of mass, 
however, within the range of 104-106W/cm2 loss of mass occurs due to material vaporization. The expected effects 
caused by exposure to the laser beam mostly depend on the temperature created on the treated surface, the time of 
exposure, the time of cooling, as well as material characteristics.  In turn, the characteristics of these quantities 
depend on such factors as: laser type and beam parameters (power and diameter), travel speed etc. In this type of 
treatment, temperature is an important parameter, which is why it is common to meet with several parameter 
dependencies having an effect on it in the literature. An example of such an equation can be the dependency of the 
maximum temperature value T [4]  
T = ηP / λr(0,147-0,054lnα)        (1) 
where: (η- coating laser beam absorption coefficient; P – laser beam power; λ- heat conduction diameter through the 
exposed material; r- laser beam diameter; α- generalized beam travel speed, coefficient λ. It can be said that the 
temperature of sub-surface layers of the exposed material depends above all, on the amount of energy supplied to 
the material during exposure. However, the amount of this energy per unit of exposed surface is proportional to the 
power density of the laser beam and the time of its action. Controlling these two parameters, various temperatures 
can be obtained in the sub-surface layers of the exposed material. Thanks to the possibility of the simultaneous 
selection of various values of beam power density and exposure time, it is possible to realize such different 
technological processes using a laser as: material surface hardening or tempering, plating, introducing additional 
alloys into the near-surface layers, welding, morphism (embodiment) of thin sub-surface layers, cutting, hollowing 
[5]. In all cases of using laser beam penetration treatment, the metal structure in the surface layer is very chemically 
and structurally homogenous with a fine grain structure. Metals and their alloys exhibit good impact resistance, a 
favorable own stress pattern as well as high hardness and wear resistance. The durability of products and machine 
parts after penetration treatment can sometimes increase to 5 times that of elements worked using traditional 
methods [6]. Laser treatment of aluminum alloys as well as of other metals is realized in the areas of laser cutting, 
alloying: non-melting and with melting of the surface layers. In research subsidized by the PSA Citroen group, 
analysis of the possibilities of surface reinforcement (mainly for mechanical wear resistance) of an aluminum alloy 
(AlSi7Mg) with the AlN compound was carried out [7]. This compound was produced on the surface of the 
aluminum alloy using the laser-plasma surface bombarding method in an atmosphere of N2 gas. Tribological 
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properties of such a surface are much better and an increase in hardness occurred. The source of the laser was also 
used to increase fatigue strength in an aluminum zinc alloy 7085 and 7050 [8]. Strengthening of the surface was 
carried out by laser penning (LP), thanks to which fatigue strength was increased even for samples that were 
subsequently anodized. As the authors strive to prove, compared to an unworked surface, durability increased by 5 
to 6 times. In comparison to anodized surfaces, durability increased by 60%. Similar research of the effects of laser 
treatment (LSP – laser shock penning) on fatigue resistance was carried out by the authors of scientific work [9] for 
the 2024 alloy. They also achieved a significant increase in fatigue strength and closely linked this with residual 
stress in the alloy. Very similar research carried out by the authors of [10] showed a twofold increase in fatigue 
strength with the application of LSP. Another atypical use of a laser source is in forming aluminum foam. 
Aluminum foams have become the object of many studies due to its unique characteristics, such as, low weight, 
high resistance, and good isolation characteristics. The process of obtaining such foams using a laser is shown in 
work [11]. The results of these studies show that the density of such products ranges from 0,88 to 1,04 g/cm3, at a 
porosity, correspondingly, of 67% to 32%. The decisive parameter was also in this case, the laser beam travel speed. 
"Sandwich" products obtained in this method can be successfully used as constructional elements and machine parts. 
Laser surface treatment is also used in highly resistant alloys or those difficult to work, like composites with a SiC 
reinforcement phase [12,13]. The high-resistant MVTU-6 alloy containing Al-Si-Cu-Cd developed by Bauman 
Moscow State Technical University was subjected to laser treatment thanks to which increased hardness was 
achieved in the heat affected zone as well as quasi-eutectic emissions [14]. The authors of [15] strive to prove that a 
nano-crystallite structure can be obtained through the laser penetration of alloy A319. This alloy is used for cylinder 
pistons and thanks to such technology, it is possible to achieve a significant hardness as well as channels and 
reservoirs increasing lubrication capabilities.  Earlier studies were carried out by these authors regarding laser 
treatment of aluminum alloys, and were concluded in the year 2003, starting work on the search for optimal 
parameters for laser treatment for the purpose of achieving increased hardness and homogenous chemical 
composition [16-18].  Laser alloying of the surface layer using Boro Tec 10009 coating was the object of studies in 
the year 2005. Operations on the before mentioned surface layer were carried out by spreading a layer of Boro Tec 
10009 through the metallization spraying method. A high power density is necessary for the penetration of the Boro 
Tec 10009 layer and this causes the occurrence of uneven penetration, or the penetration of only the sprayed layer, 
on the surface. The surface layer was hardened in the area of penetration and hardness was achieved at a level of 
800HV0.1. 
2. Object and methodology of research  
Two aluminum alloys of a chemical composition shown in table 1 were selected for research. The chemical 
composition was specified using ultra-violet spectrometer LECO GDS 500. Silumin samples (AlSi6Cu4) were cut 
out from the cylinder head of a passenger car. The second alloy was an aluminum alloy for plastic working EN-AW 
6082 (PA4). Casting alloy AlSi6Cu4 is an alloy for heat treatment (dispersion hardening) used for highly loaded 
elements with complicated forms and requiring good castability and form filling.  
Table 1. Chemical compositions of studied samples 
 Si Fe Cu Mn Mg Zn Ti Pb Sn 
AlSi6Cu4 6.2 0.42 4.25 0.45 0.28 0.056 0.18 0.003 - 
EN-AW 6082 1.17 0.284 0.013 0.847 1.16 0.00 0.013 0.013 0.044 
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A part to which the above requirements apply is a head of a combustion motor with self-ignition and 
turbocharging. Before laser treatment, sample surfaces will be covered by black gouache with an addition of liquid 
glass. The laser processing was done at in Division Machining at the Poznan University of Technology, Poznan, 
Poland. For laser treatment, the station used was equipped with a CO2 molecular laser type TLF 2600t of the 
TRUMPF company and a lathe type TUM 35D1 of the FAMOT company. The accepted laser beam diameters on 
the treated element: d = 2mm, and laser beam traveling speed v = 2.8; 3.2; and 5.33 mm/s. 
Technical characteristics of the laser used: maximum power output - 2600 W; stability of power output - 2%; 
power density distribution - TEM01; power pulsation frequency – 100Hz , 100kHz; power pulse – 10 ms , CW 
(continuous wave); length of light radiation – 10.6 μm. 
The parameters of laser treatment were selected on the basis of the analysis of literature and initial own research. 
Optimization of these parameters will allow for the selection of a changed layer, without flaws in the form of gas 
bubbles or cracks. Analysis of the roughness profile of path surfaces was carried out after laser treatment. The 
roughness profile was represented using the T8000 profile measurement gauge, specifying parameters such as Ra, 
Rt i RzISO. Tests were carried out perpendicularly to the path. For further tests, samples were cut out in order to 
carry out heat treatment – dispersion hardening: supersaturation 520oC – water cooling and subsequent ageing 
150oC. The purpose of this operation was to check if heat treatment would cause greater changes in the heat affected 
zone. Metallographic tests were done on the polished sections (more than 60) using the Nikon Eclipse L150 light 
microscope as well as the Micromet 2104 hardness tester of the Buehler company. 
3. Research results 
Observation of the structure of areas changed due to laser treatment showed that exposure at a power of 260W did 
not cause any structural changes in alloy AlSi6Cu4 as well as in alloy 6082. Noticeable changes are visible at 
exposure at a power greater than 400W. Several paths were observed, and metallographic specimens were polished 
several times in order to rule out randomness of results. On the basis of observations, it can be said that the optimal 
range of power for a 2mm diameter beam travel speed of 2.8 to 5.33 mm/s is 400-530W. Using such parameters 
guarantees the obtainment of a surface with no bubbles or cracks. For all samples exposed at a power of 750W, 
bubbles were seen to occur. The material more susceptible to laser treatment seems to be alloy AlSi6Cu4 due to the 
fact that at the same parameters, a larger heat affected zone is obtained. An example of path depth for alloy 6082 at a 
travel speed of 2.8 mm/s and a power of 530W is 0.39 mm, and for alloy AlSi6Cu4, 0.50 mm. This can result from a 
lower melting temperature for silumin and thanks to this, faster heat absorption supplied to the surface. Hardness 
results obtained through the Vickers method show that dispersion hardening for both alloys caused an increase in 
hardness in the core as well as in the laser treated layer. Examples of zone structures (paths) of heat affection for 
alloy 6082 are shown on figure 1 and hardness results along the path under the treated surface on figure 2. An 
identical comparison for alloy AlSi6Cu4 shown on figures 3 and 4. 
 
   
      a)                 b)              c) 
Fig. 1. Laser treated zone structure of aluminum alloy 6082. Laser treatment parameters: laser beam power P=400 (a), 530 (b, c)W, laser 
beam travel speed v=3.2 mm/s, laser beam diameter d=2mm 
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Fig. 2. Hardness distribution HV0.05 in the treated zone of aluminum alloy 6082. Parameters of laser treatment: laser beam power P = 400 ; 
530; 750 W, laser beam travel speed v = 5.33 mm/s, laser beam diameter d = 2mm 
 
A significant increase in hardness in samples cut out from the cylinder head is connected to a higher content of 
alloying elements such as copper and silicon. Dispersive emissions in the layer allowed for the obtainment of 
hardness which could not have been achieved through classic working. A large increase in hardness (to a level 
above 160 HV) and the achieved uniform structure suggest that this technology be used to increase hardness and 
wear resistance in these alloys. Alloy 6082 is an aluminum alloy containing many less alloying elements, which is 
why increase in hardness is not significant; up to the level of 120HV0,05. 
 
   
     a)         b)          c) 
Fig. 3. Laser treated zone structure of aluminum alloy AlSi6Cu4. Laser treatment parameters: laser beam power P = 400 (a), 530 (b) 
750(c)W; laser beam travel speed v = 2.8 mm/s; laser beam diameter d = 2mm 
 
The results of laser treated surface roughness measurements are shown in table 2. Visible significant changes on 
sample surfaces treated with lasers at a power of 750W, confirm the occurrence of a large amount of discontinuities. 
Alloy 6082 was selected for further tribological testing, and rectangular prism samples were made with laser treated 
surfaces using parameters of 2.8 mm/s, 400W on one side and 5.33 mm/s and 530W on the other. 
The results of the tribological test based on carrying out ring-block tests and registering changes in the friction 
coefficient are shown in the form of charts. Very low wear when NT100 oil is used does not allow for a clear 
assessment of the effect of laser treatment on wear resistance. It should be stressed, however, that in spite of the 
increase of roughness, it was possible to carry out a friction test, resulting in a very low friction coefficient. For full 
analysis, more samples and a broader test program is necessary so that an association can be designed based on a 
required product made from alloy 6082 
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Fig. 4. Hardness distribution HV0.05 in laser treated zone and heat treated zone - aluminum alloy AlSi6Cu4. Laser treatment parameters: 
laser beam power P=400 , 530,750 W; laser beam travel speed v = 2.8 mm/s; laser beam diameter d = 2mm 
Table 2. Average sample roughness parameters of laser treated alloys 6082 and AlSi6Cu4 
laser 
beam 
power 
260W 400W 530W 750W laser 
beam 
travel 
speed alloy 6082 AlSi6Cu4 6082 AlSi6Cu4 6082 AlSi6Cu4 6082 AlSi6Cu4 
Ra 4.61 4.37 3.91 1.88 4.59 49.35 25.97 53.40 
Rt 39.14 36.31 40.11 19.39 41.95 261.45 139.88 222.42 2.8 
RzISO 25.82 28.82 26.59 13.53 30.49 218.20 112.24 206.05 
Ra 6.06 7.97 3.28 3.35 4.69 4.06 15.42 45.68 
Rt 38.09 58.13 41.77 42.46 38.75 43.02 94.04 207.38 3.2 
RzISO 28.90 46.32 25.66 22.57 31.87 26.48 73.48 174.26 
Ra 6.45 3.69 6.42 2.92 4.55 3.76 14.18 41.21 
Rt 38.16 25.15 44.29 20.65 31.30 3.45 84.16 208.53 5.33 
RzISO 29.88 22.42 36.69 17.69 33.70 27.95 67.93 172.36 
 
 
The charts of the changes of friction presented in figure 5 indicate that the increase of normal force load from 30 
to 200N does not cause a significant increase in the friction coefficient. Insignificant wear on sample surface does 
not allow for specifying wear resistance when NT100 oil lubrication is applied. Sudden sample seizing occurred 
when dry friction was applied. For laser treated samples that were not heat treated, a slight increase of the friction 
coefficient is visible – fig. 6. Increasing normal force load when applying oil lubrication (immersion method) did 
not cause increase in wear or increase the friction coefficient – fig. 7. Using only one drop at the beginning of the 
test during lubrication caused and increase in the friction coefficient during the course of the tribological test. The 
value of the coefficient is very low for a steel-aluminum association. This work was to be an initial selection of 
parameters of the tribological test so as to obtain measurable wear while maintaining a uniform friction coefficient. 
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Fig. 5. Charts of the changes in the friction coefficient for a block (alloy 6082 in raw condition) - ring (100Cr6 steel) association Test parameters: 
NT100 oil lubrication; Normal force 30, 100, 200N 
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Fig. 6. Charts of the changes in the friction coefficient for a block (alloy 6082) - ring (100Cr6 steel) association Test parameters: NT100 oil 
lubrication; Normal force 30N Samples: in raw state, after 400W/2.8 mm/s laser treatment, and 530W/ 5.33 mm/s laser treatment 
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Fig. 7. Charts of the changes in the friction coefficient for a block (alloy 6082) - ring (100Cr6 steel) association Test parameters: NT100 oil 
lubrication immersion and drop; Normal force 30, and 100N. Samples: after 400W/2.8 mm/s laser treatment, and 530W/ 5.33 mm/s laser 
treatment 
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4.  Conclusion 
Based on empirical tests: hardness measurement, observation under a microscope, roughness measurements, 
tribological tests, as well as observations of sample from laser treated aluminum alloys AlSi6Cu4 and 6082 (PA4) 
using a scanning microscope (SEM), it can be stated that: 
- hardness, as a result of laser treatment, of alloy AlSi6Cu4 increased from a level of 60-80 HV0.1 to a level of 120 
HV0.05, and heat treatment and dispersion hardening caused a further increase of hardness in laser treated zones to a 
level of 160 HV, 
- the achieved uniform structure suggests the use of this technology for the purpose of increasing hardness and wear 
resistance in these alloys, 
- in alloy 6082, containing less alloying elements, increase in hardness is smaller, up to a level of 120HV0.05, 
- the proposed parameters of laser treatment 400W and 530W at a travel speed of 2.8 to 5.33 mm/s do not cause a 
large increase in roughness, thanks to which such a surface does not require any further mechanical working, 
- the results of initial tribological tests are very promising and allow the supposition that the attainment of fine-grain 
structures through laser treatment will increase durability of products with laser treated surfaces. 
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